Introduction
Gnaphalium vira-vira is an annual herb which grows in central Chile predom inantly in degraded soils and very exposed valleys. It is broadly distrib uted within the country, especially between A ta cama province (27°S, latitude) in the north and Valdivia province (40°S, latitude) in the south (R e iche, 1905; Hoffmann, 1978) . Plants belonging to this genus have been used in folk medicine for a long time. Fresh or boiled preparations are used as strong topical antiseptics, as febrifuges and su dorific agents and in bronchial diseases (Wilhem de M osbach, 1992; San Martin, 1982) .
There are no reports in the literature of detailed phytochemical studies on this plant (Giuffra et al., 1987) but studies carried out on another Chilean Gnaphalium species (Urzüa and Cuadra, 1989; have shown the presence of lipophilic flavo noids with a characteristic pattern based on chrysin. A nother interesting feature in Gnapha lium is the presence of a mixture of flavonoids and terpenoids in leaf surface extracts.
Epiderm al flavonoids and epicuticular waxes are commonly involved in plant environm ent in * Reprint requests to Professor J.B. Harborne.
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teractions and their presence has often been sug gested as an adaptative response in plants to high levels of sun radiation and high tem peratures (Robberecht and Caldwell, 1986; Hoffmann et al., 1983) . There is also evidence that they are ecologi cally important; they may play a role in the de fense of plants against herbivorous attack (Karban and Myers, 1989; Harborne, 1991; or they may act as natural antibiotics (Torrenegra et al., 1989; Cuadra et al., 1994) . Flavonoid constituents in leaf exudates have been involved in ecological interactions (Hedin and Waage, 1986; Urzüa and Cuadra, 1990) and their role in protecting plants against UV-B radia tion has also been dem onstrated (Tevini et al., 1989; R euber et al., 1993) . They may act primarily as natural screens by absorbing this radiation, but they have an im portant biological role as efficient hydroxyl radical scavengers (Hussain et al., 1987) , which are also produced in plants under UV-B and PAR stress (Neale et al., 1993; Melis, 1992) . O ther plant pigments such as carotenoids have also been implicated in plant UV-B protection (Rau et al., 1991; Middleton and Teramura, 1994) on the grounds of their physiologically effective quench ing properties (Krinsky, 1979; Deming-Adams, 1990) .
We therefore set out to examine the role of these epicuticular flavonoids in plant defense and 0939-5075/96/0900-0671 $ 06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. D determ ine which of these two classes of pigmentsflavonoids or carotenoids -are involved in the protection of G. vira-vira against UV-B radiation.
M aterials and M ethods
The experiments were conducted from August through mid-November 1994 in an unshaded greenhouse at The University of Reading, Plant Sciences Laboratories. The experimental chamber was built inside the greenhouse. Thus, a metallic framework was designed to hold both treated (T) and control (C) plant groups. UV-absorbing plastic films (CLS grade, Soltech Ltd.) were hung round the treated group to isolate it from the control group. In this way the framework was divided into 2 rectangles (1.98 x 1.16 x 0.97 m). All plants were placed at 0.39 m above ground level.
Plant material
Seeds of G. vira-vira (provided by the Botany Section of the National Natural History Museum of Chile) were sown on several plastic trays (0.36 x 0.24 m) containing a John Innes No. 1 plus extra sand compost mixture. A fter 8 days the seedlings were transplanted into individual plastic pots (26 cm2), filled with the same compost mixture. Plants were watered every 1 -2 days and ambient day time tem perature inside the UV-B chamber was 17-25°C (cold days) and 28-38°C (warm days). All these values were under the maximum tem per atures m easured inside the greenhouse.
Light sources
Supplemental to greenhouse sunlight (PAR [400_ 7oo nm]:5 7 2 -1000 j.imol m"2 sec'1) UV radiation was provided by two fluorescent tubes (Philips TL 20W/12 1220 mm x 1000 mm). According to Adamse and Britz (1992) , these tubes were 70 hours pre-burnt in order to keep relatively constant the spectral quality of irradiance output. The UV-B radiation supplem entation was obtained by shield ing these tubes with a presolarized (7 h) cellulose acetate film (0.075 mm thickness) which cuts off all wavelengths below 280 nm. To avoid UV pho todegradation of acetate film, the filters were changed after every 85 h of exposure (Adamse and Britz. 1992: Sisson and Caldwell, 1975) .
Radiation measurements
The spectral irradiance levels of plant height b e low the lamps were m easured with a spectroradiom eter (Optronics 742. D epartm ent of M eteorol ogy, The University of Reading) between 250-500 nm, at 1 nm intervals. The spectroradiom eter was calibrated using a NIST traceable 1000 W tungsten filament quartz halogen lamp. 
UV treatments
180 plants (65 days old) were distributed in 2 groups inside the experim ental chamber. Different UV-B irradiance levels were achieved by varying the distance from plants to lamps. Plants were ex posed to 4 and 7 h of daily UV-B irradiation and harvested at different times as different analyses required. Lamps were placed on a mobile rack and hung at 0.70, 0.50 and 0.30 m above the plants. These distances produced a daily fluence rate of 0.23, 0.66 and 1.60 mW n r 2 of UV-B radiation (280-320 nm) respectively. These values are not normalized or biologically weighed (Coohill, 1989) . Pot positions were randomized within each group every 2 days to minimize position effects. Once each week, lamp rack height was adjusted to maintain the UV irradiance levels. After irradiation, the UV-absorbing films were removed in order to give the same light condi tions to all plants.
Growth variables
Stem elongation was m easured from soil level to the shortest leaf of first stage. Leaf area of adaxial epidermis was measured using a leaf-area m eter (Area Measurement System, Delta-T Devices Ltd). Leaves used in area m easurem ents were col lected from the top of plants (first and second stages). Each harvest was carried out on 3 dif ferent and intact plants. All measurem ents were carried out weekly.
Epidermal examination
Scanning electron microscope (SEM) examina tion of leaf epidermis was carried out using a JEO L JSM-T20 scanning microscope, operating at an accelerating voltage of 20 kV. Control and treated leaves were examined after 15 and 45 days of UV-B irradiation. Leaf strips were fixed for 2 h in 5% glutaraldehyde buffered by phosphate (pH 7.3), dehydrated in a graded series of acetone and then dried in a critical-point drier using liquid C 0 2. The strips were coated with gold in a vacuum evaporator and then analyzed. Concomitantly with this procedure, leaf samples were frozen in N2 and then freeze dried (7 h). The specimens were then gold coated and examined. In order to analyze possible effects of UV-B radiation on the hairs of leaves, ordinary pictures were taken of fresh sam ples using a Wild Photom akroskop M 400 light microscope, equipped with a Wild Photoautom at MPS 55 camera system.
Photosynthetic pigments
Several leaf samples from different stem posi tions were analyzed. Two leaves from the same stage were weighed, leaf area determ ined and used in separated pigment analysis. All absor bances were determined for samples in a Cecil CE 1 0 2 0 monochrome spectrophotom eter using quartz cuvettes of 10 mm. The absorbance spectrum were registered in a Philips PO 8720 UV/Vis scanning, fixed 2 nm band with, mono chrome spectrophotom eter, equipped with a Phil ips Thermal printer/plotter and a Philips video RGB m onitor CM 8533. Total chlorophylls and ca rotenoids were extracted from individual leaves with 5 ml of DMSO for 12 h at 65°C in the dark, as described in Hiscox and Israeltam (1979) . The absorbance was determined at 664, 648 and 470 nm over 1 ml of samples and absorbance spectrum recorded between 250-500 nm. Photosynthetic pigments concentrations were calculated accord ing to equations given in Chapelle and Kim (1992) .
E piderm al flavonoids
Fresh whole plants (340 g, aerial parts) were in dividually extracted by dipping them in ca. 300 ml of cold CH2C12 (analytical Merck) for 10-15 se conds. The extracts were filtered through filter pa per (Whatman N o.l) and then concentrated until dryness in a rotevaporator at 30°C. The residue was kept at 0°C for further chromatographic analysis.
Chromatographic analysis
Plant extracts were studied by TLC and HPLC techniques. TLC was carried out on silica gel plates (Kieselgel 60, Merck; 0.2 mm), using a pe troleum ether (analytical, Merck),(PE: 40-60°)/ AcO Et=3:l (v/v) mixture as eluent system (system A). HPLC analysis was performed in a Waters 600 Multisolvent Delivery System equipped with a programmable Photodiode Array Detector, using a C-18 phenyl packing material column. Aliquots of 2 0 [.tl were injected in the column developed by gradient within 25 minutes from 40% A (2% HOA c) to 60% B (M e0 H :H 0 A c:H 20 = 1 8 :l:l, v/ v). The chromatograms were recorded by a Waters 5200 printer/plotter. Further chromatographic sep aration was carried out by CC using a glass column (3.0 x 60.0 cm) packed with silica gel (Kieselgel 60; 0.063-0.200 mm; 70-230 mesh ASTM). The column was eluted with increasing polarity mix ture of PE:AcOEt (100% -85% in PE). The col lected fractions (5 ml) were m onitored by TLC and mixed according to their TLC properties.
H P L C Quantitative analysis
Quantitation of compounds 2 and 3 in both plant groups was performed in a Waters 600 C on troller equipped with a Waters 490-E Program mable Multiwavelength Detector using a Spherisorb 55 O D 52-6544 packing material column. The column was developed by gradient within 30 min utes from 30% A to 60% B. The chromatograms were recorded in a SP 4270 Integrator which also automatically calculated the concentrations of standards (2 and 3) and samples.
Spectroscopic analysis
The NMR 'H and 13C spectra were measured using CDC13 solutions and registered in a Bruker Spectrom eter at 400 MHz. COSY. NOESY and H-C long range correlation were also performed in the same spectrometer. EIMS spectra were regis tered in a Bruker Spectrom eter at 90 eV. The UV spectra were registered in an Unicam SP 1805 UV Spectrometer, using methanolic solutions of com pounds. The classical shift reagents (Mabry et al., 1970) were used with compounds 2 and 3. The in fra red spectrum (compound 1 ) was recorded in a Perkin Elm er 700 IR Spectrometer using KBr discs.
Kaurenoic acid (1)
From fractions 5 -7 and after crystallization in M eOH (24 h, room tem perature) this was ob 
Statistical analysis
Statistical assessment (ANOVA, LSD test) was performed for all m easurements using the SAS 6.08 System Statistical Package.
Results and Discussion

Chemistry
From the more polar fractions two highly methylated flavones (2 and 3) were isolated. Identification of these metabolites was achieved by using UV and El-mass spectroscopy. The weak band observed above 350 nm (attributable to band I) indicates an unsubstituted B ring (C u adra, 1989) . EIMS spectra showed the ion molec ular peaks at m/z 344 and 358 for a dihydroxytrimethoxyflavone and a monohydroxy tetramethoxyflavone, respectively. The UV spectra af ter addition of classical shift reagents (M abry et al., 1970) indicated a 3,5-oxygenated system with a free hydroxyl group at C-5. The bathochromic shift (5 nm) observed after addition of NaOAc in 2 suggests a free hydroxyl group at C-7. This latter effect is absent from 3, which is 14 mu heavier than 2. This indicates that methylation at C-7 is the difference between the two com pounds. EIMS analysis (RDA fragments) con firmed the presence of unsubstituted B rings (m / z 105) and the oxygenation pattern on the A and C rings (m/z 197,131 and 211,131). Furtherm ore, selective methylation of 2 at position C-7 (M ark ham et al., 1982) gave 3 . Thus, 2 and 3 were identified as 5,7-dihydroxy-3,6,8-trimethoxyflavone (araneol) and 5-hydroxy-3,6,7,8-tetramethoxyflavone (7-O-methylaraneol). They have previously been isolated from Anaphalis araneosa (Ali et al., 1979), Helichrysum decumbens (Tomäs Lorente et al., 1989) and Helichrysum arenarium (Hänsel et al., 1967) . The third com pound, kaurenoic acid (1 ) was readily identified on the basis of IR, MS and NM R spectroscopy (see Methods) and comparison with literature data. It is a well known diterpene acid and has been previously reported from Gnaphalium undulatum (Bohlmann and Ziesche, 1980) , G. graveolans and G. pellitum (Torrenegra et al., 1992) , X ylopia aethiopica (Hasan et al., 1982) and Helichrysum ssp. (Bohlmann et al., 1978) .
UV-B effects
A fter 90 days of UV-B irradiation a simple in spection of plants failed to reveal any visible symptoms such as chlorosis or bronze leaf discol ouration. However there are other physiological changes which will be discussed below. According to the spectra of the light device (Fig. 1) , the triple filter system (glasshouse + UV-cutting filter + UV absorbing film) produced mainly UV-B with low levels of a UV-A component. Hence, all the observed effects on these plants can be attributed to UV-B radiation.
Chemistry
Chrom atographic analysis (TLC) of CH2C12 leaf wash revealed two main compounds with Rf= 0.6 and 0.3 (system A). HPLC qualitative analysis using the photodiode array detector confirmed the presence of 2 main UV-absorbing compounds with R,= 12.95 and 16.79 (2 and 3, respectively). These flavones were chosen as indicators of UV-B stress. Quantitation of these compounds performed by HPLC analysis revealed a significant variation in production of araneol and its methyl ether in the control plants. Table I shows the concentration of 2 and 3 in non-irradiated plants at different times. Initially both compounds occur in roughly equal amounts ( / ? 2/3 = 0.9). After a significant increase during the first 2 0 days araneol concentration decreases gradually (see Table I ). In contrast, its m ethylated derivative decreases considerably dur ing the first 60 days. As a consequence, the final Table I ratio (e.g. after 90 days) has increased appreciably (/?2/3=3 .4 ). Statistical analysis showed that these changes are significant (see Table I ). These find ings suggest that the O-methyltransferase activity is time dependent at this stage in flavonoid biosyn thesis and methylation of 2 is taking place before araneol level decreases ( 2 0 days) as a natural con sequence of plant metabolism. However, this status appears to be altered by UV-B radiation. Table II shows the mean concen tration values of 2 and 3 in control and treated plants. It seems that the methylation process is still active at 2 0 days of irradiation and produces more 7-O m ethylaraneol than in the control plants. Fur ther irradiation of plants for longer times did not increase this response (data not shown). This lack of correlation in increases in the observed re sponse over longer times of UV exposure was also observed by Tezuka et al. (1993) . An explanation of this apparent saturation of response in the UV-B photoreceptors will be possible only after a bet ter understanding of the mechanism involved in plant responses to UV-B radiation. Despite flavo noid metabolism being affected by UV-B radiation this modification in flavonoid content is only quantitative because no qualitative differences were detected either by TLC or by HPLC tech niques. Regarding the UV spectra of these com pounds, it is possible to explain the increased levels of 3 on the grounds that its main absorption peaks at 284 and 316 nm are more closely within the waveband range of UV-B light (280-320 nm) than those of araneol (278 and 326 nm). The ex tinction coefficient of 3 (log e 4.31) also shows that the 1 -0 methyl ether has a higher absorption max ima than 2 (log e4.11) at shorter wavebands and may therefore be more protective against UV-B radiation than araneol. These findings may be re lated to those reported in literature about UV-B effects in plant flavonoid content. Early work of Wellman (1971) dem ostrated that UV light stimu lates flavone glycoside synthesis in Petroselinum hortense cell suspension cultures. Quantitative ef fects on flavonoid composition was also found in turnip ( Brassica napus). Cen et al. (1993) reported that quercetin/kaem pferol ratio increased strik ingly in UV-B irradiated plants. Tevini et al. (1981) , working on four crop species, found that the flavonoid content increased in barley (Hordeum vulgare) and radish (Raphanus sativus) seedlings by about 50% as a response to the increased UV-B exposure. More evidence about U V B effects on plant flavonoids is found in Mirecki and Teramura (1984) , Wellman (1985) and Middleton and Teramura (1993; 1994) . These au thors show that plants accumulate unidentified UV-B absorbing pigments (reported as absor bance at 300 nm) after irradiation with UV-B light.
There are few studies where more specifically in creases in individual flavonoids have been re ported. Beggs et al. (1985) found that isoflavonoid formation occurred as an indicator of UV stress in leaves of Phaseolus vulgaris. They showed that coumestrol synthesis is UV-induced and it is lin early dependent on UV-B fluence. This fluenceresponse relationship was also seen in etiolated radish seedlings exposed to UV-B radiation (Tev ini et.al., 1989) . These increases in flavonoid con centration are presumably linked to increases in enzymatic activity and in fact, several key enzymes of the flavonoid biosynthetic pathway have also been shown to be specifically induced by UV-B radiation (Wellman, 1975; Schmelzer et al., 1988) . Tevini et al. (1989) have dem onstrated, in leaves of rye (Secale cereale) seedlings, that the accumu lation of two isovitexin derivatives -exclusively located in the epidermal layers is due to a higher activity of the enzyme phenylalanine ammonia ly ase (PAL) and/or higher rates of its biosynthesis.
Plant physiology
Scanning electron microscopic examination of control and treated leaf epidermises showed little changes on the adaxial epidermis of treated leaves ( Fig. 2A) . It seems that a reduction in epicuticular hairs may be induced by UV-B radiation. This ob servation was also noted under the light micro scope for treated and control leaves (Fig. 2B) . Be cause of the small num ber of leaves examined it is not possible to elaborate further conclusions but similar findings about the damaging effects of UV-B radiation on epidermal structures have been re ported in Raphanus sativus and Hordeum vulgare (Tevini et al., 1981) . UV-B radiation has also been thought to cause partial collapse of the adaxial epidermis by damaging internal structures (Cen and Bornman, 1990) . A nother physiologically im portant process such as plant growth appeared to be affected. Many UV-B effects on plants have been described in the literature as damaging or negative effects. In contrast, in this study a clear positive effect on plant growth expressed as stem elongation was noticed. This was the most rem ark able effect observed in UV-B irradiated plants. Af- ter 15 days of treatm ent a statistically significant increase in stem height can be observed in the treated plants (Fig. 3A) . A comparison in the weekly growth rate (Fig. 3B ) also indicates a posi tive effect of UV-B radiation on growth. A linear fluence-dependent response between stem in crease and time of exposure is also observed. This positive effect in plant growth is qualitatively sim ilar to that observed in plant shade responses and might be considered as a plant adaptation to UV-B stress. A suite of experimental responses after UV-B irradiation qualitatively related to shade adaptation is found in Middleton and Teramura (1994) . Growth promotion by UV radiation has also been found in tomato (Lycopersicon esculentum) and radish (Raphanus sativus). Tezuka et al. (1993) suggested that UV irradiation not exceed ing that found in solar UV spectrum may contrib ute to the promotion of plant growth. Inhibitor effects on growth would be observed when UV dose exceeds the solar UV intensity. They also re- (1975) . Leaf area and leaf fresh weight were also analyzed in Gnaphalium. The physiological developm ent of new leaves seems to be affected by UV-B radiation as evidenced in lower values observed in the treated plants. Similar effects were observed in leaf biomass accumulation, but the data obtained were not statistically significant. The effect of UV-B radiation on the light har vesting complexes has often been reported. How ever, these studies show inconsistent results on the relative change in the constituent photosynthetic pigments. In this study, the photosynthetic pig ment content seems to be altered after UV-B irra diation. Table III shows the effects on pigment content after 15 days of treatm ent. There is an increase in pigment content in Chi a, Chi b and carotenoid. Carotenoid content has been corre lated with UV-B absorbing compounds, photosyn thesis and productivity (Middleton and Teramura, 1994) . These effects on light harvesting complexes have been attributed to UV-B irradiation and may be considered as a plant strategy to dissipate this harmful radiation from inner tissues, avoiding ir reparable damage to photosynthetically im portant m em brane systems (Murphy. 1983; Melis et al., 1992) .
Conclusion
The results of this study support the hypothesis of the role of epidermal flavonoids in plant re sponses to environmental stress. C arotenoids may also be involved in plant defense as well as influ encing other plant physiological processes. In this way, plants seem to be using a combination of re sponses as a full strategy in order to avoid the ac tion of this damaging radiation.
